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Abstract 
While enhancing the competencies of enterprises, outsourcing facilitates flexible structures for enterprises. One of the 
critical challenges faced by purchasing managers is the selection of strategic suppliers.  In this study, fuzzy logic system 
was constructed to solve multi period dynamic decision making for strategic supplier selection with stochastic demand. The 
results of the proposed system showed that, fuzzy logic based dynamic strategic supplier selection system can help the 
decision maker (buyer) to select strategic supplier more effectively and simply since fuzzy logic based systems are well 
suited approach when working with uncertain parameters.  
1. Introduction 
Markets have become global in recent years, leading business organizations to adopt new methods of working 
to compete in these markets and to sustain their current performance. In this rapidly changing environment, 
outsourcing has received a great deal of attention in various industries. Increased competition, rising consumer 
expectations for product value, the growth of product variety, and the convergence of consumer tastes in 
disparate geographical regions have coincided with the adoption of a new competitive strategy for 
organizations. In the last several decades, the supplier selection problem has gained great attention in literature 
and practices. Research results indicated that supplier selection process is one of the most significant variables, 
which has a direct impact on the performance of an organization. As the organization becomes more and more 
dependent on their suppliers, the direct and indirect consequences of poor decision making will become more 
critical (Chan & Kumar, 2007). 
With the recent emphasis on supply chain management, strategic sourcing becomes even more important to 
improve a company’s performance (Sucky, 2007). With increased emphasis on manufacturing and 
organizational philosophies such as Just-in-Time (JIT) and total quality management (TQM), and the growing 
importance of supply chain management concepts, the need for considering supplier relationships from a 
strategic perspective has become even more apparent (Sarkis & Talluri, 2007). Strategic sourcing is the 
developing process of finding the best suppliers and using these supplier relationships to maximize value for an 
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organization. Strategic sourcing is a systematic process focused on achieving maximum advantage of cost, 
process, quality and technology, by leveraging the company's buying power. In contrast to traditional sourcing, 
strategic sourcing involves a continuous relationship between buyers and suppliers which is a beneficial 
collaboration for both parties. It also increases the visibility of the entire supply chain via true collaboration. 
Since the cost and quality of goods or services purchased has a direct impact on the financial and operational 
results of an organization, it makes sense to devote enough thought, time, and resources to make sourcing both 
strategic and successful. 
In this paper, dynamic decision making approach for strategic supplier selection with stochastic demand based 
on fuzzy logic is presented. The remainder of the paper is organized as follows: Section 2 presents literature 
review about supplier selection and methods used for supplier selection.  Section 3 explains the proposed 
approach and fuzzy logic based system for strategic supplier selection.  The application examples and results 
are provided in Section 4. Finally, conclusions are presented in Section 5. 
2. Literature Review 
Supplier selection is one of the most widely researched areas in supply chain management.  There are several 
methods used for selecting supplier in the literature, as: categorical methods (Boer, Labro & Morlacchi, 2001), 
data envelopment analysis (Liu, Ding & Lal, 2000 and Saen, 2007), cluster analysis (Boer et al., 2001), case 
based reasoning systems (Choy et al., 2005), linear weighting methods (Ghodsypour & O’Brien, 1998), total 
cost of ownership based models (Youssef, Zairi & Mohanty, 1996), mathematical programming models 
(Ghodsypour & O’Brien, 1998 and He et al., 2009), artificial intelligence (AI) based systems (Albino & 
Garavelli, 1998; Wang, 2008 and Aksoy & Öztürk, 2011). 
Much of the literature and many case studies in supplier selection have focused on operational short-term 
partnerships among suppliers and customers, with the literature focusing on strategic partnerships lagging 
behind in development (Sarkis & Talluri 2007). Strategic supplier selection is a multi-criteria problem which 
includes both tangible and intangible criteria, some of which may conflict. Wang et al. (2004) informed that 
although the problem of strategic supplier selection is not new, quite a few researchers treat the strategic 
supplier selection issue as an optimization problem, which requires the formulation of an objective function. 
Although there are several research studies to select the suppliers in literature, only a few of them is related to 
strategic supplier selection using fuzzy logic based systems. Continuous change, uncertain demand and intense 
competition are the defining characteristics of the today’s volatile business environment. In view of these 
conditions, meeting customers demand and making profit has become a challenge to supply chain managers. 
Most of the decisions have to be taken in highly uncertain environment. Fuzzy logic based systems are well 
suited approach when working with uncertain parameters. Therefore, in this paper, multi period dynamic 
decision making approach with stochastic demand based on fuzzy logic is presented for strategic supplier 
selection.  
3. Proposed Model 
The characteristics of the proposed model can be summarized as follows: The problem has multi period 
planning horizon and has multiple alternative suppliers. In planning horizon switching from one supplier to 
another induces significant switching costs and these costs have to be considered in selection process. The one 
extension in this paper is, to develop a multi-objective supplier selection model under stochastic demand 
conditions with total cost optimizing constraint. 
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In this study, the demand of the planning horizon is stochastic, but, the capacity of the supplier is 
deterministic. Because of the stochastic characteristics of the demand, the penalty cost is occurred between the 
supplier and the buyer. The value of penalty cost can be differing based on the capacity of the supplier, 
stochastic demand and the purchasing cost of the supplier.  To calculate the penalty cost for each supplier 
adaptive neuro based fuzzy inference system (ANFIS) is developed. 
3.1 Penalty cost calculation 
 
The first stage of ANFIS structure includes determining of input and output parameters. Penalty cost (PeC) is 
characterized as an output criteria and to determine PeC three input criteria is defined, as shown below: 
• Demand: The demand is stochastic variable. In this study two different sub-criteria “LOW” and 
“HIGH” are determined to represent the different level of probabilistic.     
• Capacity: Capacity represents the fix amount of capacity for each supplier for each period. It has two 
sub-criteria as “LOW” and “HIGH”.  
• Purchasing Cost (PuC): Different purchasing costs can be occurred between periods. This criterion 
has two sub-criteria: “LOW” and “HIGH”. 
 
To construct the ANFIS structure, 256 samples are generated for training data set and 60 samples are 
generated for testing data set. Determining the type of membership functions is a complex process in 
constructing fuzzy inference system (FIS). In this study different experiments are performed for different type 
of membership function (like trapezoidal shaped, generalized bell shaped and Gaussian curve) types. ANFIS 
uses hybrid learning algorithm to identify parameters of Sugeno-type FIS.  ANFIS, with three neurons for input 
and one neuron for output, trained for 300 epochs with 0.05% error tolerance. To measure the generalization 
capability of the system, testing data set with unseen data is used.  
 
3.2 Total cost calculation  
 
 Total cost function includes the penalty cost (PeC), fixed cost (FiC), holding / stock-out cost (Ho/Stkout) and 
purchasing cost (PuC). Fuzzy logic is used to calculate the total cost function. Four input parameters (PeC, FiC, 
Ho/Stkout, PuC) and one output parameter (total cost) is determined for fuzzy inference system.  The relations 
between input and output are associated by using fuzzy rules.  To calculate the total cost function for each 
supplier for each period, two-stage cost calculation system is generated. In the first stage penalty cost value is 
determined by using ANFIS. The output of this system is one of the input criteria for total cost calculation 
system. Total cost is determined by using fuzzy logic based cost calculation system. Figure 1 presents the 
summary of those systems.  
 
 
 
 
Figure 1. Fuzzy logic based total cost calculation system 
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3.3 Strategic supplier selection  
 
 The problem investigated in this paper has two complicacies: stochastic behavior of the demand and dynamic 
structure of the problem. Stochastic behavior of the demand is modeled by using fuzzy logic based systems. 
The problem has dynamic structure, because selection of the strategic supplier for any period can affect the 
selection of the strategic supplier for sequential periods regarding to switching cost. In this paper, a heuristic 
algorithm is constructed to select the strategic supplier for each period. Heuristic algorithm starts with selecting 
the period which has maximum priority, then, selects the supplier with minimum total cost for related period, 
and begins to search neighbor periods considering the switching costs. Heuristic algorithm terminates after 
selecting suppliers for each period. Figure 2 presents the heuristic algorithm. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                Figure 2. Strategic supplier selection algorithm 
4. Numerical Example 
 The proposed model is used to solve a problem. There are four periods and four alternative suppliers for each 
period. Stochastic demand quantities satisfying a normal distribution with parameters mean (µ) and standard 
deviation (σ). The capacity of the suppliers is deterministic. Numerical data for relevant problem, purchasing 
prices per unit, fixed cost per order and holding / stock-out cost per unit can be seen in Table 1. 
 
Table 1.  Numerical data for strategic supplier selection problem 
 
SUPPLIERS S1 S2 S3 S4 S1 S2 S3 S4 S1 S2 S3 S4 S1 S2 S3 S4 
PERIODS T1 T2 T3 T4 
DEMAND 
(µ, σ) (300, 67) (400, 72) (800, 105) (600, 85) 
CAPACITY 250 250 250 250 250 250 250 250 750 750 750 750 750 750 750 750 
PuC 2 5 3 7 5 7 3 5 2 3 2 1 3 5 7 2 
FiC 100 80 80 80 100 80 100 100 80 80 100 100 80 100 100 80 
Ho/Stkout 0.2 0.2 0.2 0.2 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.2 0.2 0.2 0.2 
 
Solution begins with determining the penalty cost for each supplier. At this stage ANFIS based penalty cost 
calculation system is used. Regarding the switching cost, it is assumed that, the cost of switching from an 
existing supplier to a new one is 1000 per switching. To obtain the strategic supplier selection, the heuristic 
 Algorithm  STRATEGIC SUPPLIER SELECTION 
 Begin 
        Select the period with max priority x; 
        Select the supplier/s with min Total Cost, 
        Set iteration counter n=1;  
        Repeat 
 Go to period y, a neighbour of period x; 
  If  No_of_Supplier [y]=No_of_ Supplier[x] 
    Total Cost[y]=Total Cost [y]; 
Else 
    Total Cost[y]= Total Cost[y]+Switching Cost; 
 Select the supplier/s with min Total Cost for period y; 
 x=y; 
 n=n+1; 
       Until (n=T) 
 End 
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algorithm needs the priority of the periods. In this example, it assumed that, the period with maximum demand 
quantity has the maximum priority. According to relevant numerical data, seen in Table 1, period three has 
maximum demand quantity. Suppliers have minimum total cost (S3 and S4) are selected for period three. The 
heuristic process begins to search the neighbor periods (T2 and T4) of period three. When evaluating the 
suppliers in T1, T2 and T4, total cost was re-calculated by considering the switching cost. After applying the 
heuristic algorithm, selected strategic suppliers for each period can be seen as below: 
{S1 and S3 for T1, S3 and S4 for T2, S3 and S4 for T3, S1 and S4 for T4 } 
5. Conclusion 
In this paper, multi period dynamic decision making approach for strategic supplier selection with stochastic 
demand based on fuzzy logic is presented. In the literature, mathematical programming methods were used for 
dynamic strategic supplier selection. The complexity of those methods increase exponentially by increasing the 
number of periods and/or suppliers and the constructed systems were not user-friendly. The results of the 
proposed system showed that, fuzzy logic based dynamic strategic supplier selection system can help the 
decision maker (buyer) to select strategic supplier more effectively and simply since fuzzy logic based systems 
are well suited approach when working with uncertain parameters and heuristic algorithm combines the results 
of the fuzzy logic based systems and selects the strategic suppliers. Further research can be carried by adding 
new criteria, if required, according to the different application areas. 
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